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ABSTRACT. The current cosmological model in-
cludes cold dark matter, which consists of massive non-
relativistic particles. There are also some observational
and theoretical evidences for warm dark matter. The
existence of warm DM can be examined by measur-
ing of the galaxy clusters density profiles and accurate
counting of dwarf galaxies. In this work I suppose that
DM haloes are well traced by X-ray gas in clusters,
groups, pairs and even single galaxies. The type of
DM is inspected with the Xgal sample of 5021 X-ray
emitting galaxies observed by XMM-Newton. The se-
lection bias of this sample is also analyzed.
Keywords: Cosmology: dark matter; X-rays:
galaxies.
1. Introduction
Assumptions about the nature of dark matter (DM)
can be divided into warm and hot dark matter. Mas-
sive neutrino was considered as the main candidate to
hot DM up to 2001 and then it was excluded from DM
candidates. The difference between cold dark matter
(CDM) and warm dark matter (WDM) is concerned
with the mass value of a DM particle (mDMP ). WDM
particles became nonrelativistic after nucleosynthesis
but before recombination, so their mass should lie in
3 eV - 30 keV interval. In the papers of Boyarsky et
al. (2014) and Bulbul et al. (2014) there was found an
X-ray emission line that can be the evidence of WDM
particle decay with the 7 keV mass. Relativistic DM
smooth initial density fluctuations are at any scale less
than free-streaming length of a DM particle. Thus,
WDM model predicts the lack of dwarf galaxies that
can be checked by the astronomical observations. The
relation between mDMP and the protogalaxy mass at
free-streaming scale (MFS) can be derived from Pauli
principle (Dodelson, Widrow, 1994):
MFS ≡
4piρ
3
(
λν
2
)3
≈
3 · 1015M⊙
ΩDM
(
30eV
mDMP
)2
(1)
We can expect the deficit of galaxies with the mass
less than MFS . The one from the possibilities to
estimate this mass is the consideration of extragalactic
X-ray sources statistics. Galaxy clusters, groups
and single galaxies can be the sources of the X-ray
emission. All these structures are believed to form in
a single DM halo. The proportionality of the X-ray
luminosity and the mass of a DM halo is assumed in
this paper. This allows us to estimate mDMP and
the type of DM by the luminosity function of the
extragalactic X-ray sources.
2. Sample
The Xgal sample (Tugay, 2013) contains 5021 ex-
tragalactic sources from XMM-Newton observations
archive. These sources are mostly Seyfert galaxies,
galaxy clusters and QSOs (Tugay, 2014); the part of
the starburst galaxies is very small (Tugay, Vasylenko,
2011). The sample doesnt have very large dispersion
of the optical luminosities (Fig. 1), so we can find the
minimal mass of a DM halo from the constant optical
M/L ratio and some limiting value of X-ray luminosity.
The following parameters were found for Xgal sample:
1. r = Fu/Fx (see corresponding distributions in Tu-
gay (2012)). The value lg(r) = 2.38 ± 1.07 was found
for the whole sample. The reasons of using this rela-
tion instead of the optical fluxes are the selection bias
(clearly visible at Fig. 1) and larger absorption in the
optical band.
2. The deficit of low luminosity X-ray galaxies can
be noticed from Fig. 2. Sources with Fx < 10
−13erg/s
were rejected to avoid the bias from the most luminous
ones. Average luminosity lg(LX) = 40.35 ± 1.25 was
found for the rest of the sample. Limiting luminosity
corresponding to MFS and mDMP was estimated
as lower bound of 1σ interval of LX distribution.
lg(Ledge) = 39.1± 0.6 was found by this method.
3. The mass of a WDM particle
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Figure 1: Distribution of optical u-band luminosities
of SDSS galaxies from redshift.
Figure 2: Distribution of X-ray luminosities of Xgal
objects from X-ray flux.
The mass of a DM particle was calculated from (1):
mDMP = 6keV
√
1.2 · 1045erg/s
rKLedge
(2)
The optical mass-to-luminosity ratio K = M/L =
140 ± 40 was taken from (Hradecky et al., 2000) for
galaxy clusters. Real ratio may lie in the interval from
70 to 1500 for some clusters, so all estimations are very
rough. The resulting value is
mDMP = 8÷ 120keV ; mDMP = 31keV
4. Conclusion
Warm and cold dark matter can not be distin-
guished by the distribution of X-ray luminosities.
The main problem seems to be large dispersion of
M/L and optical/X-ray ratios. Nevertheless, obtained
estimation is close to the results of Boyarsky et al.
(2014) and Bulbul et al. (2014) by the order of
magnitude.
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